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A Trial on Quantitative Evaluation of Progress in
Fuel Cell Technology based on Patent Data
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For firms in high-tech industries, R&D activities are of vital importance in gaining advantages over their
competitors. In evaluating effectiveness and risk of R&D projects, quantitative analysis based on patent data is
quite useful. In this paper, we introduce a new analytical method to categorize the degree of technology fusion
using multiple IPC codes assigned to patent application documents. By utilizing an originally constructed
relational database with 3.5 million patent records for 5 years, we report results of our analysis on the fuel cell
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technology and discuss the relation between “technology fusion” and “R&D phase”.
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Table 1 Domestic patent applications from 2000 to 2004.

Number of patent HOIMS
Year applications applications ~ Ratio
2000 436,865 749 0.17%
2001 439,175 1,097 025%
2002 421,044 1,873 0.44%
2003 413,092 2455 0.59%
2004 423,091 2957 0.70%
All 2,133,267 9,131 043%
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Table2 Top 20 companies in HO1M8 from 2000 to 2004.
Enterprise Number of %)
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2 baypgE 1,147 11%
3 AESAFIE 1,048 10%
4  WTER 486 5%
5 =EEBET 228 2%
6 Ik 217 2%
7 B 209 2%
8 TAVREH 182 2%
9 EIEHED 162 2%
10 Y=— 155 1%
11 BEES 151 1%
2 EZ 150 1%
13 Z=#E=FUTA 147 1%
4 Fry— 141 1%
15 H8ERT 129 1%
16 FCEHE 104 1%
17 Z=3EEH 95 1%
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20 KBREHT 76 1%
All 10,538 100%
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Table3 Patent applications counted by technological type

HO1MS8: Patent Applications (JP) | —¢—Mix
—%—Only
2,500 =#r—Mono IPC

2,000 X
1,500 /
1,000 /

500 M

0

2000 2001 2002 2003 2004

X1 s Z A TRIOHEGEGES
Figure 1 Patent applications counted by technological type.

BERIIZE(LTH B2, 2001 ELIE, Mix BIOFEH T
TR LTV B Dizxt L, Only #%°Mono Blidfk~ 12
FOHEREFHERL L TND I EPBS05.

#£4 HOIMS: #A TRIERLOMER
Table4  Percentage of each technological type

HO1MS: Patent applications

Year Mix Only Mono Total
2000 258 437 54 749
2001 437 601 59 1,097
2002 571 1,183 119 1,873
2003 668 1,548 239 2,455
2004 690 2,005 262 2,957
Average 525 1,155 147 1,826
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HO1MS: Percentage of each type

Year Mix Only Mono Total
2000 34% 58% 7% 100%
2001 40% 55% 5% 100%
2002 30% 63% 6% 100%
2003 27% 63% 10% 100%
2004 23% 68% 9% 100%
All 29% 63% 8% 100%
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Figure2  Time series variation of percentage of each
technological type.
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Figure 4 HO1MS: Positions of firms in two dominant
technological sectors (2005) [JII DVD data]

TR, AN L ESEERCBOTIREIER O
ERAMEEIND, TV r—va  OENRNE X
MR- TWD, EREAEERICRV T, BEEOR
Tl RAF—RE U CORBIERIZ K & 228 h3h
FHRTWAS—F, BEEERCRVLTL, TESEXR
TR A RO ESE R K DR — B T VR F A
AV R TRV L ~DOEAIMEESR TS,
BERFEAD U= RIZBO T, RS A 7%
BBV A A BET DHEIDRON, —F, ®
— 2TV AV BERTIE, FORIMERKEEE S
ThD. FHIEEHEEER T, BHIBRIERENERS
NTRY, HEEHRBRROARA T — %L OBz &
TWBEEZBNBM, R—F TV AV BRI ONT
i3, PEHHL - FEIMEOEIRRIRBENTHEL, £072®
BREVEMSEFICISIT DRI, RIZDUROBREE
TIZEHES TV BEEINS. F4iZhbbhi
FERORYY a VOB, D& HRERIEEN
ThD. 7B, HEEERIIROT, 1| HORRIY
a VOBV BN T h 3 Zhgufdear Thb
N, AT, SETObLOEERME Ll Wik
WHRBERROBEL LB DNDTW, FEEFIET
DL 1Y, WEEIPERSTERI Y a ZHB LD

7107

-

LBbh5.

78, B4 IHERAMRKROMY O JMDVD F—4&i2
HEDNTNBTY, G, PO T—FIZHh 3K
BT — & &V FET A TETHS.

5, =

AT, S BRRARROSTREL L
T, FFEFHET—ZHOEHIPC & COIPC IZE3<
IPC Co-Occurrence DEESZIEIRL, =2>D# A7, Al
%, Mix # + Only # + Mono ZI~DERLZRE L,
2000 A5 2004 EORREIERSEFHOIM)IZIIT 5
BRREINZ 8T L7z

[FIEAREICIST DR IHREEEIT, 130T 4 IR
mLTEY, £, Bitmhs A 7 & LT3 Only B3
FIFU NTHBZ EBbholz. AT, Hlifs
A TRIORERL L RHEBIZ OV TIE, 2001 4RI,
Mix &4 ZORb &, Only « Mono &5 A 7 DHEIME
I3 E & BT oT. FRRESHEREIE A 5 R 58HBS81)
RN\ ThHHbhTRY, R&D DR L, Hifs
Z A T ORI H IBREBRERHV Z 52T
LR s,

28, BEVEMADENCRIT 27T LA Y22V T,
TRk bR - MESWERR O2 @b OHER N
IFUNTHSRN, EHES A THDEREINDS
BAERIDORT Y a 1, R LI HEAIHRIC S
BELCWAZ ERbhol-. ZOEEL, ¥Mcks
WREVEIMD T 7Y r— a VBB, BRHWNZ, B%Y
oA ADBENWERMLTWD HDEEDhS

AR L4 O FEY, R&DOEEM T
IZBNWTOL 2OFT LWRER 525 7 L3 Sh,
HHTEDESVRPREDDAR 7= XL b2 5
ETHEIELEDNS. 5141, BIZEOER T
—FEy MZOWTHITEITY, Biffia &4 7 OlF
RIS L BR%E T = XOBBRIZOWVT, X hEL D%k
SEINSBF O 2 EAER, -, WERRRLRY
DIERT—Z HEFRA LN D, SOICESRbD~E
RESETNELZNEEZ TS,

SE 3

[1] Mansfield, E.: Academic research underlying industrial
innovations sources, characteristics, and financing, Review
of Economics and Statistics, Vol. 77, pp.55-65 (1995).

[2] Narin, F.,, Hamilton, K. and Olivastro, D.: The
increasing linkage between US technology and public



science, Research Policy, Vol. 26, pp.317-330 (1997).

[31 Mowery, D. C.: The changing structure of the US
national innovation system: implications for international
conflict and cooperation in R&D, Research Policy, Vol. 27,
pp.639-654, (1998).

[4] Emst, H,, Leptien, Ch. and Vitt, J.: Inventors are not
alike: the Distribution of Patenting Output among Industrial
R&D Personnel, IEEE Transactions on Engineering
Management, Vol. 47, pp.184-199 (2000).

[5] Tsuji, Y. S.: Organizational behavior in the R&D process
based on patent analysis: Strategic R&D management in a
Japanese electronics firm, Technovation, Vol. 22, pp.417-425
(2002).

[6] Comanor, W. S. and Scherer, F. M.: Patent Statistics as a
Measure of Technical Change, The Journal of Political
Economy, Vol. 77, pp.392-398 (1969).

[7] Pavitt, K.: R&D, Patenting and Innovative Activities,
Research Policy, Vol. 11, pp.33-51 (1991).

[8] Gemba, K. and Kodama, F. : Quantitative Analysis of
Diversification and Profitability in Japanese Industry, The
Journal of Science Policy and Research Management, Vol.
14, pp.179-189 (1999).

[9] Suzuki, J. and Kodama, E.: Technological Diversity of
Persistent Innovators in Japan: Two Case Studies of Large
Japanese Firms, Research Policy, Vol. 33, pp.531-549
(2004).

[10] Pikington, A. and Dyerson, R. : Innovation in
Disruptive Regulatory Environments; A Patent Study of
Electric Vehicle Technology Development, European
Journal of Innovation Management, Vol. 9, pp.77-91 (2006).
[11] Verspagen, B.: Technology and Growth: The Complex
Dynamics of Convergence and Divergence, in Silverberg, G
and Soete, L.: The Economics of Growth and Technical
Change. Technologies, Nations, Agents, Edward Elgar
Publishing Ltd., Aldershot, pp.154-181, (1994).

[12] Verspagen, B.: Measuring Intersectoral Technology
Spillovers: Estimates from the European and US Patent
Office Databases, Economic Systems Research, Vol. 49, pp.
47-65 (1996).

[13] Jaffe, A. B.: Characterizing the Technological Position
of Firms, with Application to Quantifying Technological
Opportunity and Research Spillovers, Research Policy, Vol.
18, pp.87-97 (1989).

[14] Fleming, L.. and Sorenson, O.: Technology as a
Complex Adaptive System: Evidence from Patent Data,
Research Policy, Vol. 30, pp.1019-1039 (2001).

[15] Sorenson, O., Rivkinb, J. W. and Fleming, L..:
Complexity, Networks and Knowledge Flow, Research
Policy, Vol. 35, pp.994-1017 (2006).

[16] Jaffe A. B., Trajtenberg, M. and Henderson, R.:
Geographic Localization of Knowledge Spillovers as
Evidenced by Patent Citations, Quarterly Journal of
Economics, Vol. 108, pp.577-598 (1993).

[17] Gemba, K. and Kodama, F. : Quantitative Analysis of
Diversification and Profitability in Japanese Industry, The
Joumnal of Science Policy and Research Management, Vol.
14, pp.179-189, (1999).

[18] Kodama, F.: Emerging Pattems of Innovation, Havard
Business School Press (1995).

[19] Suzuki, K., J. Sakata and J. Hosoya: Innovation
Position: A Quantitative Analysis to Evaluate the Efficiency
of Research & Development on the basis of Patent Data,
Proceedings of 41st Intemational Conference on System
Science, HICSS Digital Library at IEEE, pp.415-424,
(2008).

[20] Baumol, W: The Free-market Innovation machine:
analyzing the growth miracle of capitalism, Princeton
University Press (2002).

[21] Kester, W.C.: Today’s options for tomorrow’s growth,
Harvard Business Review Vol. 62, pp. 153-160 (1984).

[22] Robertson, T.S., Eliasburg, J. and Rymon, T.: New
product announcement signals and incumbent reactions,
Joumal of Marketing, Vol. 59 No. 3, pp.1-15 (1995).

[23] Lev, B.: Intangibles, management, measurement, and
reporting, Brookirigs Institution Press (2001).

[24] Rivette, K.G and Kline, D.: Rembrandts in the attic:
unlocking the hidden value of patents, Harvard Business
School Press (2000).

[25] Pavitt,K.: R&D, patenting and innovative activities,
Research Policy, Vol. 11, pp. 33-51 (1991).





